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Most previous studies addressing the association of body
size, weight change and body fat distribution with the risk of
breast cancer were conducted in Western societies with a
high proportion of overweight people. It remains unclear
whether the dose-response relation observed in earlier stud-
ies can be extended to women with “normal” weight based
on prevailing Western standards. To address this issue, we
analyzed data from a population-based case-control study of
breast cancer recently completed among Chinese women in
urban Shanghai. In-person interviews and anthropometric
measurements were completed for 1,459 women newly di-
agnosed with breast cancer from 25 to 64 years of age and
1,556 controls frequency-matched to cases on age. Uncondi-
tional logistic regression was employed to estimate adjusted
odds ratios (ORs) and 95% confidence intervals (CI) related
to anthropometric variables and self-reported body weight.
Currently measured weight, body mass index [BMI: weight
(kg)/height(m)2] or height was each found to be positively
related to risk of postmenopausal breast cancer in a dose-
response manner, with ORs (95% CI) being 2.0 (1.4–3.0), 2.0
(1.2–3.2) or 1.7 (1.2–2.5), respectively, for the highest cate-
gory of weight, BMI or height compared to the lowest cate-
gory of these variables. These variables were unrelated to
premenopausal breast cancer risk. Reported weight at ages
>40 years and weight gain after age 20 were more predictive
for postmenopausal breast cancer than weight at an earlier
age. After adjustment for BMI, waist-to-hip ratio was related
to an increased risk of premenopausal [OR 5 1.7 (1.3–2.3) for
the highest category compared to the lowest category] but
not postmenopausal breast cancer. This study suggests that,
even in a relatively thin Chinese population, weight gain and
height are related to an increased risk of postmenopausal
breast cancer, while central fat distribution was associated
with premenopausal breast cancer. General weight control
may be an effective measurement for breast cancer preven-
tion.
© 2001 Wiley-Liss, Inc.
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Obesity has been found to be associated with an increased risk
of breast cancer among postmenopausal women and unrelated to
or related to a reduced risk of breast cancer risk among premeno-
pausal women in many epidemiological studies.1–13 The associa-
tion of body fat distribution with breast cancer has not been well
characterized. It has been suggested that central obesity, mainly
measured by thewaist-to-hip ratio, is positively associated with an
increased risk of breast cancer among all women,14–17 among
postmenopausal women18–21 and among premenopausal women.13

The vast majority of published results were based on studies
conducted in Western countries where the prevalence of obesity is
high. Only a limited number of studies have been conducted to
evaluate breast cancer risk in populations in which avast majority
of women are classified as thin or of normal weight according to
the standard used in Western societies.9,22,23 Thus, it remains
unclear whether the dose-response relation between body size and
breast cancer risk observed in overweight population could be
extended to those of “normal” weight.

Chinese women traditionally have alow breast cancer risk. The
incidence of breast cancer among Chinese women in Shanghai is
only one-third that of American women. However, a more than
80% increase in breast cancer incidence has been reported during
the last 2 decades among younger Chinese women.24 Chinese
women also have a low prevalence of obesity, thus providing an
opportunity to evaluate the association of weight, fat distribution
and body size with breast cancer risk among women of normal
weight. We report here the association of current anthropometry
and report weight history with the risk of pre- and postmenopausal
breast cancer risk using data collected in a recently completed
Shanghai Breast Cancer Study.

MATERIAL AND METHODS

The Shanghai Breast Cancer Study is apopulation-based case-
control study.25 Al l study subjects were permanent residents of
urban Shanghai who had no prior history of cancer and were alive
at the time of interview. Eligible cases included all women newly
diagnosed with breast cancer during the period August 1996–
March 1998 and who were from theages of 25–64 years. Through
a rapid case-ascertainment system, supplemented by the popula-
tion-based Shanghai Cancer Registry, 1,602 eligible breast cancer
cases were identified during the study period, and in-person inter-
views were completed for 1,459 (91.1%) of them. The major
reasons for nonparticipation were refusal (109 cases, 6.8%), death
prior to interview (17 cases, 1.1%) and inability to locate(17 cases,
1.1%). Al l diagnoses were confirmed by 2 senior pathologists
through the review of slides.

Controls were randomly selected from female permanent resi-
dents in urban Shanghai and frequency-matched to cases by age
(5-year interval). The number of controls in each age-specific
stratum was determined in advance according to the age distribu-
tion of the incident breast cancer cases reported to the Shanghai
Cancer Registry from 1990–1993. The Shanghai Resident Regis-
try, which keeps registry cards for all permanent residents in urban
Shanghai, was used to select controls. For each of those 1990–
1993 cases, a registry card identifying a potential control in the
same 5-year age group was randomly selected. A woman was
considered eligible for the study only if she had lived at the
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TABLE I – COMPARISON OF CASES AND CONTROLS ON DEMOGRAPHICS AND SELECTED BREAST CANCER RISK FACTORS,
THE SHANGHAI BREAST CANCER STUDY, 1996–1998

Cases1 (n 5 1459) Controls1 (n 5 1556) p-value

Age (%)
25–34 2.9 5.3
35–44 35.9 36.4
45–54 38.7 33.4
55–64 22.5 24.9 ,0.01

Education (%)
No formal education 3.6 5.5
Elementary school 8.5 8.4
Middle 1 high school 74.3 75.4
Profession, college and above 13.6 10.7 0.01

Per capita income (Yuan) (%)
,4,000 19.8 18.2
4,000–5,999 31.7 31.9
6,000–7,999 13.0 13.9
8,000–8,999 20.2 23.5
$9,000 15.2 12.4 0.05

Breast cancer in first-degree relatives (%) 3.7 2.4 0.05
Ever had breast fibroadenoma (%) 9.6 5.0 ,0.01
Regular alcohol drinker (%) 4.0 4.1 0.99
Ever used oral contraceptives (%) 21.9 20.9 0.51
Ever used hormone replacement therapy (%) 2.9 2.7 0.76
Menarcheal age (years) 14.56 1.6 14.76 1.7 ,0.01
Menopausal age2 (years) 48.16 4.6 47.56 4.9 0.02
Nulliparous (%) 5.1 3.9 0.13
Number of live births3 1.56 0.85 1.56 0.86 0.54
Age at first live birth3 (years) 26.86 4.2 26.26 3.9 ,0.01
Months of breastfeeding4 15.16 13.1 15.96 14.0 0.81
Energy intake (kcal/day) 1,865.96 464.2 1,839.96 464.2 0.12
Total fat intake (g/day) 36.36 17.4 35.36 16.2 0.08
Exercise regularly (%) 18.8 25.2 ,0.01

Subjects with missing values were excluded from the analysis.–1Unless otherwise specified, mean6 SD are presented.–2Among menopausal
women.–3Among women who had live births.–4Among women who ever breastfed.

TABLE II – ASSOCIATION BETWEEN ANTHROPOMETRIC MEASUREMENTS AND RISK OF BREAST CANCER1

Premenopausal women Postmenopausal women

Cases
(n 5 952)

Controls
(n 5 990) OR1 (95% CI)

Cases
(n 5 501)

Controls
(n 5 562) OR1 (95% CI)

No. % No. % No. % No. %

Current weight at
diagnosis (kg)

,52 208 21.9 239 24.2 1.0 74 14.8 122 21.7 1.0
52–56.9 210 22.1 239 24.2 1.0 (0.7–1.3) 87 17.4 106 18.9 1.4 (0.9–2.2)
57–63.9 289 30.5 285 28.8 1.1 (0.8–1.4) 150 30.0 172 30.6 1.6 (1.1–2.3)
$64 242 25.5 226 22.8 1.0 (0.8–1.4) 189 37.8 162 28.8 2.0 (1.4–3.0)
Trend test p-value5 0.52 p-value, 0.0001

Height (cm)
,155 145 15.3 162 16.4 1.0 132 26.4 195 34.7 1.0
155–158.9 265 27.9 252 25.5 1.2 (0.9–1.6) 148 29.5 163 29.0 1.2 (0.9–1.7)
159–161.9 202 21.3 241 24.4 1.0 (0.7–1.3) 106 21.2 103 18.3 1.6 (1.1–2.4)
$162 337 35.5 334 33.7 1.2 (0.9–1.6) 115 22.9 101 18.0 1.7 (1.2–2.5)
Trend test p-value5 0.52 p-value5 0.001

BMI at diagnosis
,20.70 231 24.3 281 28.4 1.0 63 12.6 98 17.5 1.0
20.70–22.79 254 26.8 282 28.5 1.1 (0.8–1.4) 95 19.0 117 20.8 1.4 (0.9–2.1)
22.80–25.09 253 26.7 234 23.7 1.2 (0.9–1.6) 134 26.8 153 27.2 1.5 (1.0–2.3)
25.10–27.90 159 16.7 142 14.4 1.1 (0.8–1.5) 125 25.0 121 21.5 1.7 (1.1–2.6)
$28.0 52 5.5 50 5.0 1.1 (0.7–1.7) 83 16.6 73 13.0 2.0 (1.2–3.2)
Trend test p-value5 0.34 p-value5 0.003

WHR at diagnosis
,0.764 217 22.9 299 30.2 1.0 66 13.2 89 15.9 1.0
0.764–0.79 250 26.3 264 26.7 1.4 (1.1–1.8) 95 19.0 126 22.4 0.9 (0.6–1.4)
0.80–0.834 243 25.6 232 23.5 1.4 (1.1–1.8) 142 28.3 148 26.3 1.3 (0.8–1.9)
0.835–0.864 134 14.1 117 11.8 1.6 (1.2–2.2) 88 17.6 108 19.2 1.1 (0.7–1.6)
$0.865 105 11.1 77 7.8 1.8 (1.3–2.6) 110 21.9 91 16.2 1.6 (1.0–2.5)
Trend test p-value, 0.001 p-value5 0.014

1Adjusted for age, education, family history of breast cancer, ever had fibroadenoma, age at menarche, age at first live birth, exercise and age
at menopause for menopausal women.
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registered address during the study period. In-person interviews
were completed for 1,556 (90.3%) of the 1,724 eligible controls
identified. Reasons for nonparticipation included refusal (166 con-
trols, 9.6%) and death or a prior cancer diagnosis (2 controls,
0.1%).

All study participants were interviewed by trained interviewers
at hospitals (cases) or at home (cases and controls). A structured
questionnaire was used to elicit detailed information on demo-
graphic factors, menstrual and reproductive history, hormone use,
dietary habits, prior disease history, physical activity, tobacco and
alcohol use, weight history and family history of cancer. Informa-
tion on body size included perceived weight and height compared
to peers at ages 10, 15 and 20 years, weight at age 20 years, and
each decade afterward, as well as weight during the year prior to
the interview.

All participants were measured by trained interviewers accord-
ing to a standard protocol for their current weight, circumferences
of the waist and hip and sitting and standing heights. Waist
circumferences were measured at 2.5 cm above the navel and hip
circumferences at the level of maximum width of the buttocks. All
measurements were taken twice with a tolerance limit of 1 kg for
weight and 1 cm for heights and circumferences. A third measure-
ment was taken if the difference of the 2 measurements was greater
than the tolerance limit. The averaged measurements were used in
this analysis.

Quartile distributions among controls were applied to categorize
anthropometric variables. Given that our study participants in
general had a low waist-to-hip ratio (WHR) and body mass index
(BMI) compared to women in Western countries, we have further
divided our 4th quartile of WHR and BMI into 2 categories to
facilitate intrastudy comparisons. Odds ratios (OR) were used to
measure the association of breast cancer risk with body size and
weight changes. Unconditional logistic regression models were
used in the analysis to obtain maximum likelihood estimates of the
odds ratios and their 95% confidence intervals (CI), after adjusting
for potential confounders.26 Age was included as a continuous
variable throughout data analyses, and categorical variables were
treated as dummy variables in the model. Tests for trend were
performed by entering the categorical variables as continuous
parameters in the models. All analyses were performed using SAS,
and all tests of statistical significance were 2-sided.

RESULTS

Table I presents comparisons of cases and controls on demo-
graphic factors and traditional breast cancer risk factors, as well as
usual caloric (energy in kcal/day) and total fat intake. Compared to
controls, cases were slightly older (mean ages 47.8 years for cases
and 47.3 years for controls), more likely to have a higher educa-
tion, a family history of breast cancer among first-degree relatives
and a history of breast fibroadenoma. Cases had earlier age at
menarche, later age at menopause, later age at first live birth and
were less likely to have participated in regular exercise than
controls. All subsequent analyses included the above potential
confounding variables in logistic regression models. There was no
significant case-control difference in parity, duration of breastfeed-
ing, family income (after adjustment for education), alcohol con-
sumption, use of oral contraceptives, hormone replacement ther-
apy or usual caloric and fat intake.

Among postmenopausal women, both current weight and height
were positively associated with the risk of breast cancer (p for
trend both, 0.001) (Table II). Compared to women less than 52
kg, women of 64 kg or heavier had a 2-fold increased risk of breast
cancer (95% CI5 1.4–3.0), after adjustment for nonanthropomet-
ric risk factors. The association was slightly attenuated (OR5 1.9,
95% CI5 1.3–2.9) after further adjustments for height. Being 162
cm in height or taller also was associated with increased risk
(OR 5 1.7, 95% CI5 1.2–2.5).Weight and height, however, were
not related to the risk of breast cancer among premenopausal women.
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Similarly, BMI [weight (kg)/height(m)2] was associated with an in-
creased risk of breast cancer only among postmenopausal women but
not in premenopausal women (Table II). BMI greater than 28 was
associated with an OR of 2.0 (95% CI5 1.2–3.2) in postmenopausal
women and an OR of 1.1 (95% CI5 0.7–1.7) in premenopausal
women.

Both waist and hip circumferences were positively associated
with the risk of breast cancer among pre- and postmenopausal
women (data not shown). When breast cancer risk was assessed in
relation to the WHR, a dose-response relationship was observed
for both pre- and postmenopausal women (Table II).

Because BMI and WHR are moderately correlated in these data
(r 5 0.33), further analyses were conducted to identify the inde-
pendent association between BMI and WHR and breast cancer risk
(Table III). No association between BMI and risk of premeno-
pausal breast cancer risk was observed in most strata defined by
WHR. On the other hand, WHR was directly associated with
breast cancer risk among premenopausal women in each category
of BMI, with the exception of overweight or obese women
(BMI $ 25.10). Among postmenopausal women, however, BMI
was directly associated with the risk of breast cancer, whereas
WHR was unrelated.

Table IV presents the association between risk of breast cancer

and self-reported weight history at different decades of life and
weight change. Neither weight at different periods of life nor
weight change since age 20 or during the previous 10 years was
related to the risk of premenopausal breast cancer risk. Weight at
the age of 20 and 30 years also was not related to the risk of breast
cancer among postmenopausal women. However, weight in later
life, particularly during the perimenopausal period (i.e., ages 40
and 50), was directly positively associated with postmenopausal
breast cancer. Further analysis showed that weight gain since age
20 and during the previous 10 years were both positively associ-
ated with postmenopausal breast cancer risk, although a higher risk
was found for the former. A similar pattern was observed when
levels of BMI in different decades of life were examined (data not
shown), with an exception of a higher BMI ($ 21.11) at age 20
being related to a significantly lower risk of postmenopausal breast
cancer (OR5 0.6, 95% CI5 0.4–0.9).

To examine the joint and independent effect of weight gain and
BMI at age 20, additional analyses were conducted (Table V).
Neither weight gain since age 20 nor BMI at age 20 was related to
the risk of premenopausal breast cancer. Weight gain since age 20,
however, was related to an increased risk of postmenopausal breast
cancer across all strata of BMI at age 20, and the positive associ-
ation appeared to be stronger among women who had a lower BMI

TABLE IV – WEIGHT AND WEIGHT CHANGE DURING ADULTHOOD AND RISK OF BREAST CANCER1

Premenopausal women Postmenopausal women

Cases 952 (%) Controls 990
(%) OR (95% CI) Cases 501 (%) Controls 562

(%) OR (95% CI)

Weight at 20 years (kg)
,45 19.8 21.9 1.0 22.6 21.9 1.0
45–48.9 27.1 26.3 1.1 (0.8–1.5) 27.0 25.8 0.8 (0.6–1.3)
49–52.9 25.7 26.0 1.0 (0.8–1.4) 25.0 27.8 0.7 (0.5–1.1)
$53 37.4 25.8 1.1 (0.8–1.5) 25.4 24.5 0.8 (0.5–1.2)
Trend test p-value5 0.67 p-value5 0.17

Weight at 30 years (kg)
,47.5 20.4 22.3 1.0 20.2 24.5 1.0
47.5–51.9 27.4 25.7 1.2 (0.9–1.5) 29.6 27.9 1.3 (0.9–1.8)
52–57.4 26.1 26.2 1.0 (0.8–1.4) 24.2 23.3 1.2 (0.8–1.7)
$57.5 26.1 25.8 1.0 (0.8–1.4) 26.0 24.3 1.2 (0.8–1.8)
Trend test p-value5 0.91 p-value5 0.58

Weight at 40 years (kg)
,50 18.3 18.0 1.0 17.6 24.9 1.0
50–54.9 22.7 24.1 1.0 (0.7–1.4) 25.5 24.0 1.5 (1.0–2.2)
55–59.9 23.4 21.8 1.0 (0.7–1.5) 20.6 20.3 1.3 (0.9–2.0)
$60 35.6 36.1 0.9 (0.6–1.2) 36.4 30.8 1.7 (1.1–2.5)
Trend test p-value5 0.52 p-value5 0.033

Weight at 50 years (kg)
,51 17.7 15.7 1.0 15.4 24.5 1.0
51–57.9 23.8 19.1 1.1 (0.4–2.9) 27.3 27.6 1.6 (1.1–2.5)
58–63.9 28.5 28.1 1.0 (0.4–2.4) 26.2 23.8 1.9 (1.2–3.0)
$64 30.0 37.1 0.9 (0.4–2.4) 31.1 24.1 2.1 (1.3–3.3)
Trend test p-value5 0.78 p-value5 0.003

Weight at 60 years (kg)
,52.5 17.1 23.8 1.0
52.5–59.9 22.7 23.3 1.5 (0.8–3.1)
60–64.9 20.4 22.3 1.2 (0.6–2.5)
$65 39.8 30.6 1.7 (0.8–3.3)
Trend test p-value5 0.24

Weight gain since age 20 (kg)
,1.15 22.2 23.4 1.0 20.4 28.0 1.0
1.15–3.41 23.1 20.8 1.1 (0.8–1.5) 31.7 32.4 1.4 (1.0–2.1)
3.42–5.64 26.9 23.7 1.1 (0.8–1.4) 26.6 28.0 1.3 (0.9–1.9)
$5.65 27.8 32.1 1.0 (0.8–1.3) 21.3 11.6 2.7 (1.7–4.2)
Trend test p-value5 0.80 p-value, 0.001

Weight gain during past 10 years (kg)
,1.15 28.5 30.4 1.0 37.1 46.2 1.0
1.15–3.41 15.4 15.4 1.1 (0.8–1.5) 19.8 16.4 1.6 (1.1–2.2)
3.42–5.64 17.6 15.7 1.2 (0.9–1.6) 14.3 13.4 1.2 (0.8–1.8)
$5.65 38.5 38.5 1.1 (0.9–1.4) 28.8 24.0 1.5 (1.1–2.1)
Trend test p-value5 0.42 p-value5 0.03

1Adjusted for age, education, family history of breast cancer, ever had fibroadenoma, age at menarche, age at first live birth, exercise and age
at menopause for menopausal women.
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at age 20 [e.g., the ORs of breast cancer associated with weight
gain$5.65 kg compared to weight gain,1.15 kg were 4.6 (4.6/1),
3.7 (5.6/1.5), 3.6 (6.2/1.7) and 1.7 (3.0/1.8), respectively, for the
lowest to highest quartile stratum of BMI at age 20]. The OR of
postmenopausal breast cancer associated with weight gain of 5.65
kg or more since age 20 was 2.8 (95% CI5 1.7–4.5) after
adjusting for BMI at age 20. BMI at age 20 was not associated with
postmenopausal breast cancer after adjusting for weight gain.

DISCUSSION

This population-based case-control study, conducted in a pop-
ulation at a low risk of breast cancer and a low prevalence of
obesity, found that weight, height and BMI were related to the risk
of postmenopausal but not premenopausal breast cancer. On the
other hand, WHR was positively associated with both premeno-
pausal and postmenopausal breast cancer but after adjustment for
BMI, WHR was only associated with an increased risk of pre-
menopausal breast cancer. Also, among postmenopausal women,
weight gain since age 20 and weight in later life, particularly
during the perimenopausal period, were more closely related to
breast cancer risk than was weight in early adult life.

There exist substantial international variations in the incidence
of breast cancer, as well as in body weight and height. Both height
and weight have been found to be highly correlated with breast
cancer incidences on a worldwide basis, although the weight-
breast cancer association was attenuated after adjustment for
height.27 The height-breast cancer association also has been ob-
served in many retrospective and prospective studies, although the
evidence is not entirely consistent.28 In our study, height was
related to breast cancer risk among postmenopausal women but not
premenopausal women. Height is determined by many variables
including genetic factors and energy balance during childhood and
adolescence, which is determined largely by caloric intake. The
influence of caloric intake on height is more important in societies
with an insufficient food supply than those with an abundant food
supply. A larger proportion of postmenopausal women than pre-
menopausal women in our study population grew up in periods
when supplies of energy were insufficient. Among controls of our
study, there was a substantially high proportion (34.7%) of shorter
(high ,155 cm) and a lower proportion (18.0%) of taller (.162
cm) women among postmenopausal women compared to pre-
menopausal women (the respective percentages are 16.4% and
33.7% for height,155 cm and.162 cm), suggesting that the
differential effect of height on breast cancer by menopausal status
found in our study might be due to the general low energy intake
during adolescence among postmenopausal women. In our study,
consumption of rice and wheat products, the major source of
energy in the study population, during adolescence was negatively
associated with the risk of breast cancer,29 providing further sup-
port to the energy deprivation in early life hypothesis. However,
height also was associated with an increased risk of breast cancer
among women in the United States and other developed nations
where most women grew up with abundant energy sup-
ply.5,7,8,16,30–37Thus, factors other than energy balance may also
be involved in the association between height and breast cancer.
Inherited patterns in endogenous hormones and growth factors that
contribute to the height attained prior to epiphyseal closure at
puberty and also to the promotion of breast carcinogenesis has
been hypothesized as one of the explanations.28 This hypothesis,
however, does not explain why the association of height with
breast cancer differs by menopausal status found in our study.

Consistent with many earlier studies,1,4,5,7,11 we found that
weight and BMI were directly associated with an increased risk of
postmenopausal breast cancer, an association that persisted after
adjustment for WHR. When self-reported weight history was ex-
amined, it appeared that weight after age 40 and weight gain since
age 20 were better predictors than current weight for postmeno-
pausal breast cancer. This finding is consistent with those observed
in the United States and European countries.5,10,35,37–39In the large
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cohort study of nurses, Huanget al.10 found that the weight gain
and postmenopausal breast cancer association was confined to
women who never used estrogen replacement therapy. It is note-
worthy that the vast majority of women in our study are nonpost-
menopausal estrogen users (97.1% and 97.3% for cases and con-
trols, respectively). Excluding the 3% postmenopausal estrogen
users from analysis did not alter the association of weight gain
with postmenopausal breast cancer. In our study, we also found
that weight gain is the main player in the inverse association of
BMI at age 20 with postmenopausal breast cancer, a finding
similar to that of the Iowa Women’s Health Study38 but disagree
with that of the Nurse’s Health Study.10 Our findings are biolog-
ically plausible since weight gain during adulthood is accounted
for largely by an increase in fat tissue, and excess body fat has
been found to increase extra-ovarian production of estrogen and
decrease sex hormone-binding globulin among postmenopausal
women.40,41We did not find that weight, weight gain or BMI was
related to breast cancer risk among premenopausal women. This
might be due to the much higher ovarian hormone concentrations
among premenopausal women that override the effect of estrogen
produced by excess fat.

In our study, we found that fat distribution, measured by WHR,
was related to the risk of premenopausal breast cancer. We did not
find an independent association of WHR with postmenopausal
breast cancer risk after adjustment of BMI. Results from earlier
studies on WHR and breast cancer have been inconsistent. Some
reported an association in both pre- and postmenopausal wom-
en16,17 and others found an association depending on menopausal
status (postmenopausal cancer;18–21 premenopausal breast can-
cer13). Others even reported no significant association.11,34,42WHR
has been found to be associated with higher levels of androgens,
insulin and reduced levels of sex hormone-binding globu-

lin,41,43–45 factors that have been previously linked with breast
cancers risk.44,46–48While all these nonestrogenic profile changes
associated with high WHR are likely to increase the risk of breast
cancer, further studies are needed to better understand the associ-
ation of WHR and breast cancer, particularly with regard to meno-
pausal status and the underlying mechanism(s).

Our study has a number of strengths. First, the population-based
case-control study design and high participation rate (91%) mini-
mized selection bias. Second, anthropometric measurements were
taken by trained interviewers using a standard protocol, and this
was done for most cancer cases within days of diagnosis, thus
reducing measurement errors and some of the effects of therapy on
body weight. Third, the prevalence rate of obesity in the study
population is low, allowing an assessment of the association of
body fat and fat distribution with breast cancer risk in closer to an
ideal normal weight range according to the standards of Western
populations. Our study, however, cannot avoid some of the inher-
ent limitations of the case-control design. For example, the weight
histories may reflect the influence of recall bias, although these
were more likely to be nondifferential with respect to case-control
status.

In summary, our study found that weight gain since age 20 and
being overweight at a later age were associated with an increased
risk of postmenopausal breast cancer among normal or slightly
overweight women, indicating that weight control may be an
effective measure for breast cancer prevention for postmenopausal
women. High waist-to-hip ratio was linked to an elevated risk of
premenopausal breast cancer, emphasizing the need for future
research to define mechanisms other than estrogen-mediated in
relation to breast cancer by menopausal status and to determine the
genetic and environmental influences on body fat distribution.
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